shortage of nutrients, induced gametangial formation in cultures of Leptodictyum riparium (Hedw.) Warnst. Monroe (1965) found that low temperature (10?C), not day length, is the important factor influencing the initiation of gametangia in Funaria hygrometrica Hedw. According to Schuster (1966, p. 189) , the majority of hepatic species in the Northern Hemisphere form mature sporophytes during the period March to June. Lemmon (1968) studied the phenology of Astomum and Weissia species in the southeastern United States. The three species studied usually had mature sporophytes at different dates, separated by two weeks to a month. Internal genetic barriers to outcrossing, in addition to microgeographic and temporal barriers, were assumed to usually act to keep the species and races distinct; however, some hybrids were found.
Johnsen's (1969) phenological study of Orthotrichum anomalum Hedw. in northern Arizona showed that most sporophytes matured (being operculate but post-meiotic) in early spring during wet and cold weather but final maturation and dehiscence of the capsule occurred during the late spring to early summer drought. Culture studies indicated that time of gametangial initiation and sporophyte development are independent of photoperiod and temperature. Hughes and Wiggin (1969) found that the sporophyte of Phascum cuspidatum Hedw. grown under laboratory conditions could mature in as little as 35 days after fertilization. Clarke and Greene (1970) studied two Pohlia species in the Arctic, the United Kingdom and on the island of South Georgia in the south Atlantic Ocean. They found strong latitudinal effects on time of sporophyte development. Longton (1972) reviewed literature relating effects of photoperiod and temperature on initiation of gametangial development, noting that reproductive cycles seem to be largely under environmental control. He correlated reproduction of Antarctic species of Polytrichum and Psilopilum with temperature, finding that dehiscence of gametangia occurred earlier in more favorable climates. Anderson's (1974) review indicated that mosses are dependent either on temperature regimes or endogenous rhythms for control of gametangial initiation. Zehr (1969) found photoperiodism to control the formation of gametangia in several species of bryophytes.
Variation between sporophyte maturation dates of closely related species in one geographic location may indicate different times of gametangial maturation. Indeed, Lemmon (1968) felt that a difference of usually two weeks between SMDs of Astomum muhlenbergianum (Sw.) Grout and A. ludovicianum (Sull.) Sull. and of about one month between these dates and that of Weissia controversa Hedw. is sufficient evidence to indicate a large degree of temporal reproductive isolation between the three species. However, at the level of resolution given by most authors of taxonomic treatments, most closely related species appear to overlap in SMDs.
The family Pottiaceae has many of the taxonomic problems common to the Bryopsida, including over classification through geographic (Touw, 1974) and pigeonhole (Grout, 1938 ) species concepts, paucity of revisionary studies (Anderson, 1963) , lack of biological basis for the species concept (Greene, 1976; Steere & Inoue, 1972) or for that of the genus (Anderson, 1974) , apparent lack of parallelism of evolution of the sporophyte and the gametophyte (Anderson, 1963) , typological concepts of morphology (Zander, 1977) and over reliance on the constancy of certain taxonomic characteristics (Zander, 1977 (Zander, , 1978a . The family has, in addition, certain features that are not peculiar to the family but in toto boggle the taxonomist. These include interspecific and intergeneric hybridization (reviewed by Anderson, 1974 ), a high incidence of intra-and interspecific polyploid series (Fritsch, 1972; Steere, 1972) , apomixis and 540 [Volume 82 sterility (Gemmell, 1950; Saito, 1975; Whitehouse, 1966) , and polymorphism associated with variation in climate and habitat (Lazarenko, 1963; Lazarenko & Lesnyak, 1972; Zander, 1977 Zander, , 1978a . This paper evaluates sporophyte maturation dates in the Pottiaceae as yet another character that may be used to segregate taxa in this taxonomically difficult family.
METHODS AND PRESENTATION OF DATA
Information on sporophyte maturation dates in the Pottiaceae was extracted from 17 taxonomic and floristic papers in ten major floristic studies. Only areas of the north temperate zone were studied: North America (Craig, 1939; Grout, 1938 Grout, -1939 Steere, 1938a Steere, ,b, 1939 Wareham, 1939- (Saito, 1973 (Saito, , 1975 . The data given here concern 36 genera, representing the major subfamilies and tribes of the Pottiaceae recognized by recent authors (reviewed by Saito, 1975) . Crosby and Magill (1977) assign 91 genera to the Pottiaceae in the Dictionary of Mosses.
The degree of resolution of dates of sporophyte maturation given by each author is usually within a consecutive two-or three-month range. This wide span may be, in part, due to latitudinal, elevational or local climatic differences within each floristic area studied. The reports were nearly always given as consecutive months or seasons. Some similarity of data between authors may indicate a degree of cribbing or uncritical acceptance of the data of other authors; however, one might expect at most use of earlier data only as guides-most data did show at least minor variation between authors. I have assumed that phrases used by various authors indicating date of mature capsules, ripe spores, "fruiting," etc., are all equivalent to what I am here calling sporophyte maturation date (SMD). Very close or identical dates given for each of many species by many authors support this, and much variation may be correlated with environmental factors, as noted below.
The names and authorities of taxa and synonymy is that accepted by the Index Muscorum (van der Wijk et al., 1959-1969) excepting certain recent revisions (Delgadillo, 1975; Robinson, 1970; Saito, 1973 Saito, , 1975 Zander, 1977 Zander, , 1978a . For ease in comparing traditionally accepted taxa, I have made some attempt to preserve certain narrow taxonomic concepts. Thus Trichostomopsis is retained here, though recently merged with Didymodon (Zander, 1978b) but several species of Barbula are recognized in Didymodon following Zander (1978b) . Desmatodon plinthobius is recognized in Tortula for reasons discussed below. Weissia hedwigii Crum replaces W. microstoma (Hedw.) C.Muell. (Crum, 1971) . Essentially tropical species that were cited by some authors, but not included in this study, are Barbula agraria Hedw., B. indica (Hook.) Spreng. and Trichostomum jamaicense (Mitt.) Jaeg.
Table 1 reviews the data on sporophyte maturation dates of species and infraspecific taxa of Pottiaceae, and Figure 1 summarizes this data in a graphic manner. Table 1 lists (at left) species and infraspecific taxa of Pottiaceae, and (at right) gives the number of reports (of a total of 10 possible, corresponding to the 10 floristic treatments consulted) that give a date or period of sporophyte maturation for that taxon. In general the larger the number of reports, the more widely distributed is the taxon in the North Temperate Zone. The central 12 columns are the months of the year, beginning with March, and every three months is grouped into a season. The calendar equivalency is inexact but adequate for the degree of resolution involved. Numbers in the 12 columns refer to numbers of reports mentioning sporophyte maturation during each month. Reports given only as seasons are presented in the table as all three consecutive months of that season. Reports giving an "early," "mid-" or "late" season citation are shown here as a single month at the appropriate time. Because seasons were given by authors far more commonly than were months, the numbers in Table 1 are often in groups of threes.
In Figure 1 the categories in the largest type face (above) refer to the vertical set of graphs directly below, excepting Cinclidotoideae, Leptodontieae and Trichostomeae, which are intercalated to save space. Within each graph is the name of the taxon, the total number of species and reports dealt with (the latter in parentheses) and a double graph that should be read against the percentage marks to the far right. The graphs are divided into four seasons, beginning with spring, and each season is divided into three months as in Table 1 The most common variation in vernal sporophyte maturation modality is emphasis on either winter and spring dates, e.g. by Acaulon, Phascum, Pterygoneurum, Pottia, Aloina and Crossidium or on spring and summer dates, e.g. Tortula, Stegonia, Tortella, Pleurochaete and Trichostomum. The first four genera of the former group are considered annuals, commonly found in extreme ruderal situations of bare earth or among grasses. Grimme (1903) gave durations for sporophyte development of 9 and of 7-10 months, respectively, for two species of Phascum, and of 6-8 and 7-9 months for two species of Pottia. However, he noted that two taxa of Aloina need 12 months to complete sporophyte maturation. Flowers (1973) observed the fertilization time of Pterygoneurum species in Utah to occur in the autumn, with capsule maturation by early spring. Aschisma may observe the same general wintertime requirement for SMD as do annual species of Pottiaceae. Aloina and Crossidium may have similar SMDs because of their common habitat in arid and semiarid regions, perhaps being affected by the occurrence of moderate snowfall in steppe regions and the winter precipitation maximum in Mediterranean climates. However, they differ strongly in SMDs from species of Tortula of similar regions, in that these lack winter SMDs. One might suppose that a genetic difference between the genera is operating. Spore dispersal in annuals probably involves a mechanism other than wind, as in those adaptations for short dispersal distances of atelochorous and synapterospermous species of vascular plants discussed by van der Pijl (1972).
Those genera with SMDs mainly in spring and early summer are in two taxonomically distinctive groups. In the first, Tortula and Stegonia are closely related. The habitats occupied by the numerous species of the former genus are diverse, but the SMDs are very similar. Stegonia is an alpine genus and its SMDs are probably retarded by the short growing season. Recently, Crumia Schof. was placed by Schofield (1966) near Tortula on morphological grounds. Its spring SMD also supports this disposition. The second group consists of Tortella, Pleurochaete and Trichostomum; these are also closely related to each other. In view of the diversity of habitats of the many species in this group, the restriction to spring and summer in these taxa, as in Tortula, may be related to temperature or photoperiod rather than to precipitation. Sporophytes of Weissia and Astomum are commonly thought to develop very quickly (Crum, 1973; Lemmon, 1968) ; however, Grimme (1903) gave 11-12 and 10-12 months, respectively, for sporophyte development in species of these genera. These longer spans, if correct, may account for the similarity of their graphs in Figure 1 with that of the closely related Trichostomum.
Hygrophilic taxa, such as those found in seepage, on moist ledges or near waterfalls, typically have SMDs in summer or autumn (Figure 1) . Genera of this sort include Hydrogonium, Bryoerythrophyllum, Hyophila, Cinclidotus and most genera of the Pleuroweisieae, including Anoectangium, Eucladium, Gyroweisia, Gymnostomum, Hymenostylium, Molendoa and Pleuroweisia. Both Chen (1941) and Hilpert (1933) 
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[Volume 82 THE BRYOLOGIST recognized the Hyophileae as a tribe separate from the Barbuleae; however, phenological data are not supportive of taxonomic segregation, as these may only reflect the typical hygrophilic habitat. The Pleuroweisieae itself appears to be polyphyletic on morphological grounds (Zander, 1977) , and its phenology may be strongly influenced by the wet habitats of most species. The relative dryness of habitat during summer might greatly affect the maturation cycles of hygrophiles, in that appropriate substrate for new growth is then well exposed and, as noted, by Johnsen (1969) for Orthotrichum anomalum, final maturation and dehiscence of the capsule may await a period of drying. Interestingly, all the above genera except Cinclidotus, Anoectangium, Hymenostylium and Pleuroweisia are reported (Saito, 1975; Zander, 1977 Zander, , 1978a ) to have specialized propagula. These are rare in most genera of Trichostomoideae and Pottieae but are common in the genera Barbula and Didymodon. Their presence may be related to the same factors in the habitat that determine midyear SMDs. Dialytrichia is usually considered closely related to the hydrophilous genus Cinclidotus but lacks late summer or autumn SMDs. This is possibly because D. mucronata (Brid.) Broth. is a stream-bank species and does not grow immersed in water as do species of Cinclidotus. Limpricht (1890-1894) put Dialytrichia and Cinclidotus in separate families, the Pottiaceae and Grimmiaceae, respectively, recognizing major differences between the two genera in capsule anatomy. Thus, the phenological differences may be due to phylogenetic relationships rather than to different habitats. Genera that have SMDs mainly in late summer or autumn, but which are not commonly thought of as hygrophilic include: Aloina, Desmatodon, Barbula, Didymodon, Pseudosymblepharis and Timmiella. Some of these include montane-northern species with a much shortened growing season, and others have species apparently responding to autumnal maximum precipitation in monsoon Japan or in interior continental steppes. The modality in the graph of sporophyte maturation dates in Aloina (Figure 1 ) may be explained by the overlapping of data from all species in autumn (Table 1) . Characteristic SMDs for Aloina is actually winter to spring, as it is for related genera, and may correspond to the winter precipitation maximum typical of Mediterranean climates (Critchfield, 1960) , such as occurs in parts of southwestern United States where species of Aloina are widely distributed. Although the precipitation maximum for interior continental plains, arid and semiarid deserts and steppes at midlatitudes occurs in summer, areas with moderate snowfall may be more constantly moist during winter and early spring, judging from data given by Johnsen (1969) . Most taxa of Desmatodon have mainly midyear SMDs (Table 1) . Habitat data (especially that of Flowers, 1973) indicates that these are mainly steppe or montane taxa.
Although Barbula and Didymodon species are scarcely mesophytes in appearance, those species that liberate spores mainly in late summer or autumn are taxa of interior montane regions with short growing seasons, except D. spadiceus (Mitt.) Limpr., which is a hygrophile, and B. horrinervis K.Saito, which may be responding to the dry summers and wet autumns of Japan. The secondary peak of spore liberation time in Weissia is due to reports (Saito, 1975) of bimodal SMDs (spring and autumn) in two Japanese species, probably on account of a secondary maximum in precipitation in early summer-the "Baiu rains"-in Japan (Critchfield, 1960) . The midyear modality of Timmiella is difficult to explain. Although this genus is often found in relatively evenly moist habitats, it occurs mainly in regions with autumn or winter precipitation maxima. In other genera some species that lack midyear SMDs also often grow in evenly moist areas, e.g. Pottia heimei (Hedw.) Furnr. in Hampe.
Some genera-Leptodontium, Oxystegus, Gymnostomum and Didymodon-appear to produce sporophytes about equally throughout the year. The first two genera mentioned contain only one species for which data are known and the second only two species. The indication of number of reports in Figure 1 for each month (thin line on graph) may be a better indication of peak in SMD. Oxystegus tenuirostris (Hook. & Tayl.) A.J.E.Sm. is a species of moist habitats and should be considered typical of hygrophilic species with late summer and autumn SMDs. The rather undistinctive graph of Didymodon may be due to the large variation in geographic range and in climate optima of the species. The genus includes several often polymorphic species that occupy a wide latitude and climatic range. The appearance that Weisiopsis is out of place in the Pottieae may be false, since the graph is of only one species, and, like Aschisma, the genus may observe an annual SMD. Allowing for influences of habitat and latitude, the major similarities and differences between taxa in SMDs appear to be worthwhile additional characteristics that, in large part, support the generic and suprageneric scheme followed here, which is mainly that of Saito (1975) . However, although the hygrophilic tribe Pleuroweisieae has a characteristic SMD range, this phenology is duplicated by unrelated hygrophilic taxa. The phenology, thus, does not counter morphological evidence suggesting that the Pleuroweisieae is polyphyletic. From the available data (Table 1) , the sections of Barbula have distinctive SMDs. Section Barbula has SMDs in winter and early spring, section Revolutae mainly in spring, and section Streblotrichum from spring to autumn. In the last section the taxon with its SMD in spring is a widespread, lowland species of dry, mainly ruderal habitats, while the taxa with SMDs in summer or autumn are montane species, except B.. horrinervis, which is probably responding to the autumn precipitation maximum in Japan.
The genus Didymodon is here treated as emended by Saito (1975) . The effect of variation in monthly precipitation on date of sporophyte maturation may be rather large in India, where seasonal differences in rainfall are striking because of very wet summers due to monsoon winds. Maximum precipitation at Allahabad, India, occurs during the period July to September, reaching a peak of more than 300 mm during August, but not surpassing 50 mm during any one of the other nine months of the year (Critchfield, 1960) . Gangulee (1972) gave "fruiting" dates for 21 of the 73 species of Pottiaceae included in his moss flora of Eastern India. These dates occurred only from July through December, mostly during the period of August to October, and concerned mainly hygrophiles. None of the dates given conflicted with data assembled here for the same or related species in other areas of the world. Taxa known to have SMDs typically from late winter to early summer, such as Acaulon, Crossidium, Tortula and Tortella, are apparently sterile, rare or absent from eastern India according to Gangulee (1972) , although Chopra (1975) To examine the possibility that the dioicous or monoicous condition might be correlated with dates of sporophyte maturation, I made some simple calculations. Of the 176 species and infraspecific taxa considered, about half were dioicous and half monoicous, a balance that matches the estimate of Khanna (1964) Table 2 ) also indicates that the range of widespread dioicous taxa is little different from that of widespread monoicous taxa. Table 2 shows that, of 86 dioicous taxa, 12 of them each span nine or more months in the north temperate zone, while, of 82 monoicous taxa, only five do so. Except for these taxa of unusually long SMDs in the North Temperate Zone, Table 2 shows similarity in distribution of data between dioicous and monoicous taxa. Most of the 17 eurychronic taxa (i.e. those with nine month or greater SMD span) do not exceed two consecutive seasons of duration of SMD in any one geographic area. The seasons of SMDs for the 17 eurychronic taxa are shown in Table 3 . In Table 3 philic species with SMDs that characteristically occur at that time. A second total, given below the first, excludes the hygrophilic taxa and shows a more balanced distribution of season reports, although summer is the least likely season for these taxa. What Table 3 demonstrates well is that, in addition to infraspecific variation of SMDs between geographic areas, this variation in SMDs appears to correlate somewhat with regional climate. Although the sample is small, SMDs are usually most common during or just after the season of regional maximum precipitation. This is clearly exaggerated in France, which has strong seasonal contrasts in rainfall in the south. A "t" test comparing widespread (with 5 or more reports) dioicous and monoicous taxa, one that is similar to that above but from which the data concerning taxa with nine or more months of SMD span were eliminated, showed no statistical difference in SMD duration. Thus the average of a month longer duration in SMDs in dioicous taxa appears to be due largely to the small eurychronic group of taxa, preponderantly dioicous species with rather different SMDs in different floristic regions.
In similar studies involving data gathered from previous floristic works of other authors, Gemmell (1950 Gemmell ( , 1952 found that, in the United Kingdom, dioicous species were more variable and more widespread than monoicous species and were of two distinct types-very widely or very narrowly distributed species. Also, distribution curves were bimodal in dioicous species and unimodal in monoicous species. My data, derived in a somewhat different fashion and concerning the entire North Temperate Zone, fail to support Gemmell's assertion that dioicous species are more widespread than monoicous species, at least for the Pottiaceae. Also, Table 2 , describing number of taxa per category of number of reports, shows no remarkable difference between dioicous and monoicous taxa in modality or any bimodality in respect to narrow and wide geographic distribution.
